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Introduction

In order to support seamless EPS interworking with legacy networks, an EPS user’s user plane tunnel should not terminate at GGSN. The reason is that (a) PDP context cannot be moved from GGSN and (b) EPC network elements cannot continue communicating with GGSN. Therefore, if such UE moves to EPS, all PDP contexts to the GGSN have to be deactivated. 

This paper proposes a way for identifying the case, when PDP contexts terminate at GGSN. In other words, the presence of the EPS specific label in an APN indicates that e.g. the old SGSN had active PDP contexts to either SGW (R8 SGSN across S3 interface) or to PGW (pre-R8 SGSN across Gn interface). In either case the ultimate termination point within mobile network is PGW.
Once the case is identified, stage 2 requires that the contexts should be deactivated at least towards the UE.
Current version of 3GPP TS 23.003 specifies the following encoding rules.

APN for pre-R8 UMTS/GSM:
· APN Network Identifier is mandatory part of any APN and may be represented as a FQDN of a GGSN. If the APN Network Identifier contains more than one label, it shall correspond to an Internet domain name. This name should only be allocated by the PLMN if that PLMN belongs to an organisation which has officially reserved this name in the Internet domain. APN-NI shall not end with the label “gprs” or "3gppnetwork.org". Besides, APN-OI shall not contain the following labels: "rac", "lac", "sgsn", "rnc", "w-apn" or "pub".

· APN Operator Identifier is optional part of any APN and the spec in fact prompts for three labels: "mnc<MNC>.mcc<MCC>.gprs". APN-OI shall end with the label “gprs”.
An example of GPRS APN is:

"<APNoperatorID>.mnc<MNC>.mcc<MCC>.gprs"

Where:

· “<APNoperatorID>” represents APN-NI

· “mnc<MNC>.mcc<MCC>.gprs” represents APN-OI

APN for pre-R8 I-WLAN:

· TS 23.003 states that W-APN Network Identifier follows the format defined for APNs for pre-R8 UMTS/GSM (see TS 23.003 subclause 9.1.1). In addition to what has been defined for pre-R8 UMTS/GSM, the W-APN Network Identifier shall not end in ".3gppnetwork.org".
· TS 23.003 is not completely clear whether the W-APN always contains both Network Identifier and Operator Identifier. TS 23.003 subclause 14.7 only states that:
· The W-APN is composed of two parts as follows:
· The W-APN Network Identifier; this defines to which external network the PDG is connected. 
· The W-APN Operator Identifier; this defines in which PLMN the PDG serving the W-APN is located. 

· TS 24.234 subclauses 8.2.1.2 and 8.2.1.3.1 make it clear that W-APN always contain both Network Identifier and Operator Identifier.
An example of I-WLAN APN is:

"<APNoperatorID>.w-apn.mnc<MNC>.mcc<MCC>.pub.3gppnetwork.org".
Where:

· “<APNoperatorID>” represents W-APN-NI

· “w-apn.mnc<MNC>.mcc<MCC>.pub.3gppnetwork.org” represents W-APN-OI

· “pub” indicates that the APN is coming from UE and the corresponding DNS information is provisioned in the Internet DNS hierarchy.

Solution and proposal

EPS APN should contain a label, which would indicate via which mobile network the service is provided to the user. That is, is the GTP tunnel ultimately terminating at PGW or is it terminating at pre-R8 GGSN? Is it SGi interface that connects the user to a PDN, or is it Gi?

In order to bring clarity to this, it is proposed that a label “eps” is included into the EPS APN-OI. Next question is where to place such a label.

DNS server ‘reads’ the received APN from right to left. So, it looks reasonable to arrange the labels within APN-OI with decreasing granularity. That is, the rightmost label should be e.g. “3gppnetwork.org”, which is followed by MCC, then MNC and so forth. 

 “3gppnetwork.org” is strongly recommended to be used instead of “gprs”.
EPS APN for 3GPP access however may have different meaning than the EPS APN for non-3GPP access. Besides, when UE attaches to EPS, MME retrieves APN for the default EPS bearer from HSS. MME needs to resolve the APN to the IP addresses of both the SGW and the PGW. MME could achieve this by either sending two DNS queries, or sending a single DNS query, but receiving two addresses in the response. In this paper it is assumed that sending two queries would have less impact on the legacy DNS servers. Therefore, it seems reasonable to differentiate all these cases e.g. with the following coding of the EPS specific label:

· “eps-apn-pgw”, which indicates a request to retrieve IP address of an PGW; 

· “eps-apn-sgw”, which indicates a request to retrieve IP address of an SGW;

· “eps-apn-ha0”, which indicates a request to retrieve IP address of a HA.

· Etc.

3GPP SA2 in the meeting #62 (14 – 18 January 2008) has agreed S2-080338, which proposes similar coding for HA-APN:
· "ha-apn.mnc<MNC>.mcc<MCC>.pub.3gppnetwork.org"

Proposed format of the APN for EPS:

· APN Network Identifier is mandatory part of any EPS APN. APN-NI shall not end with the label 'gprs' or "pub.3gppnetwork.org". ”. Besides, EPS APN-NI shall not contain the following labels: "rac", "lac", "sgsn", "rnc", "w-apn", "pub" or “eps-apn”. 

· APN Operator Identifier is optional, but it is recommended to use it. The EPS APN should have five or six labels:
· “eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>.3gppnetwork.org”
· “eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>.pub.3gppnetwork.org” 
Examples of EPS APNs are:

"<APNoperatorID>.eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>.3gppnetwork.org".
"<APNoperatorID>.eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>.pub.3gppnetwork.org".
Where:

· “<APNoperatorID>” represents EPS APN-NI

· “eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>..3gppnetwork.org” and  “eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>.3gppnetwork.org” represents EPS APN-OIs
· If “.pub” is present, this indicates that the APN is coming from UE and the corresponding DNS information provisioned in the Internet DNS.

· <NodeName> = “pgw” or “sgw” indicates that the EPS bearer or a PDP context ultimately terminates at PGW. MME receives <NodeName> = “pgw” form HSS, but when MME sends DNS query for SGW IP address, <NodeName> = “sgw”.
When an MME receives PDP contexts form the old SGSN, the MME should check the APN value. If APN does not contain EPS specific label, then the contexts were terminating as GGSN. The presence of the EPS specific label indicates that the old SGSN had active PDP contexts to either SGW (R8 SGSN across S3 interface) or to PGW (pre-R8 SGSN across Gn interface). 
The following changes to TR 29.803v0.5.0 would implement the above features.
*** First Change ***

6.1.1.3 Analysis

Editor’s note: When an MME receives PDP contexts form the old SGSN, the MME should check the APN value. If APN does not contain EPS specific label, then the contexts were terminating as GGSN. The presence of the EPS specific label indicates that the old SGSN had active PDP contexts to either SGW (R8 SGSN across S3 interface) or to PGW (pre-R8 SGSN across Gn interface).
6.1.1.3.1 GTP

Editor’s note: enhancements to the GTP protocol shall be studied in this section.

6.1.1.4 Conclusions

Editor’s note: this section covers the conclusion for protocol selection and possible enhancement.

*** Second Change ***

7.4.5 Linked EPS bearer Identity

The Linked EPS Bearer Identity (LBI) is the EPS bearer identity of the default bearer which is used to associate the corresponding PDN connection in the dedicated bearer management procedures
7.4.6
Access Point Name 

In the EPC of the EPS, an Access Point Name (APN) is ultimately a reference to a PGW. To support inter-PLMN roaming, the EPC internal DNS functionality is used to translate the APN into the IP address of the PGW and also of the SGW.

The APN is composed of two parts as follows:

· The APN Network Identifier; this defines to which external network the PGW is connected. This part of the APN is mandatory.
· The APN Operator Identifier; this defines in which PLMN the PGW is located. This part of the APN is optional, but is required when resolving PWG addresses belonging to other PLMNs using DNS.
Editor’s note: it is FFS if APN Operator Identifier should also become mandatory.
The APN Operator Identifier is placed after the APN Network Identifier. An APN consisting of both the Network Identifier and Operator Identifier corresponds to a DNS name of a PGW; the APN has, after encoding as defined in the paragraph below, a maximum length of 100 octets.

The encoding of the APN shall follow the Name Syntax defined in RFC 2181 [18], RFC 1035 [19] and RFC 1123 [20]. The APN consists of one or more labels. Each label is coded as a one octet length field followed by that number of octets coded as 8 bit ASCII characters. Following RFC 1035 [19] the labels shall consist only of the alphabetic characters (A-Z and a-z), digits (0-9) and the hyphen (-). Following RFC 1123 [20], the label shall begin and end with either an alphabetic character or a digit. The case of alphabetic characters is not significant. The APN is not terminated by a length byte of zero.

NOTE:
A length byte of zero is added by the MME or R8 SGSN at the end of the APN before sendin a DNS query.

The labels in the EPS APN shall be separated by dots (e.g. "Label1.Label2.Label3").
7.4.6.1
Format of APN Network Identifier

The APN Network Identifier shall contain at least one label and shall have, after encoding a maximum length of 63 octets. An APN Network Identifier shall not start with any of the strings "rac", "lac", "sgsn", "rnc", "w-apn", "pub" or "eps-apn-", and it shall not end in "gprs" or in "3gppnetwork.org". Further, it shall not take the value "*".
In order to guarantee uniqueness of APN Network Identifiers within or between PLMNs, an APN Network Identifier containing more than one label shall correspond to an Internet domain name. This name should only be allocated by the PLMN if that PLMN belongs to an organisation which has officially reserved this name in the Internet domain. Other types of APN Network Identifiers are not guaranteed to be unique within or between PLMNs.

Editor’s note: it is FFS if APN Network Identifier optionally indicates also MS requested service. Depending on the decision the following paragraph would be either kept, or removed.
An APN Network Identifier may be used to access a service associated with a PGW. This may be achieved by defining:

· an APN which corresponds to a FQDN of a PGW, and which is locally interpreted by the PGW as a request for a specific service, or

· an APN Network Identifier consisting of 3 or more labels and starting with a Reserved Service Label, or an APN Network Identifier consisting of a Reserved Service Label alone, which indicates a PGW by the nature of the requested service. Reserved Service Labels and the corresponding services they stand for shall be agreed between operators who have roaming agreements.

7.4.6.2
Format of APN Operator Identifier

The APN Operator Identifier is composed of six labels. The first label shall be "eps-apn-<NodeName>". The second and the third labels together shall uniquely identify the PLMN. Last two labels shall be "3gppnetwork.org".
For each operator, there is a default APN Operator Identifier (i.e. domain name). This default APN Operator Identifier is derived from the IMSI as follows:

"eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>.3gppnetwork.org"  or
"eps-apn-<NodeName>.mnc<MNC>.mcc<MCC>.pub.3gppnetwork.org"
where:

"mnc" and "mcc" serve as invariable identifiers for the following digits.

<MNC> and <MCC> are derived from the components of the IMSI defined in 3GPP TS 23.003.
".pub" indicates that the APN is requested by UE and the corresponding DNS information is provisioned in the Internet DNS hierarchy.
"eps-apn-" indicates the EPS access type
<NodeName> indicates the IP address of the network element in question (PGW, HA, SGW, etc.).
The default APN Operator Identifier is used in inter-PLMN roaming situations when attempting to translate an APN consisting only of a Network Identifier into the IP address of e.g. the PGW in the HPLMN. The PLMN may provide DNS translations for other, more human-readable, APN Operator Identifiers in addition to the default Operator Identifier described above.

In order to guarantee inter-PLMN DNS translation, the <MNC>, <MCC> and <NodeName> coding used in the APN OI shall be:

· <MNC> = 3 digits

· <MCC> = 3 digits

· If there are only 2 significant digits in the MNC, one "0" digit is inserted at the left side to fill the 3 digits coding of MNC in the APN OI.
· <NodeName> = 3 characters. For 3GPP access the value may be either "pgw" or "sgw".  When HA address is requested, the default value shall be "ha0".
Editor’s note: It is FFS if values like "ha1", "ha2", etc. would be useful.
Below are two examples of the EPS APN OI for MCC = 345 and MNC = 12.
If APN was provided by HSS for 3GPP access and if MME requests PGW’s IP address, then this will be coded in the DNS as:

"eps-apn-pgw.mnc012.mcc345.3gppntwork.org"
